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 RESUMO 
As plantas e as formigas são os organismos predominantes em ecossistemas 
terrestres; e como tais, comumente interagem entre si. Na maioria das vezes estas interações 
são mutualistas, visto que formigas podem reduzir o número de herbívoros e/ou contribuir na 
dispersão de sementes em troca de alimento e/ou abrigo fornecido pelas plantas. No entanto, a 
presença de formigas nas flores é comumente considerada como uma relação antagônica, já 
que normalmente as formigas não as polinizam, mas sim utilizam os recursos oferecidos pelas 
flores aos polinizadores, reduzindo ou alterando a frequência ou eficiência da visitação de 
polinizadores. As interações formiga-planta são muito comuns no cerrado. Embora muitos 
estudos já tenham investigado os efeitos da presença das formigas nos herbívoros, ou a 
relação das formigas com a presença de nectários extraflorais (NEFs), o efeito da visitação de 
formigas a flores foi pouco estudado neste bioma. Associações entre formigas e insetos 
trofobiontes próximo a inflorescências podem alterar a abundância local e o comportamento 
de formigas, o que potencialmente perturbando as interações entre plantas e polinizadores. 
Byrsonima intermedia (conhecida no Brasil como murici-do-campo) é uma planta comum no 
bioma de cerrado. Esta planta possui elaióforos (glândulas que produzem óleo) na base das 
flores. O óleo produzido é coletado por abelhas, principalmente do gênero Epicharis, que em 
troca polinizam a planta por meio da polinização por vibração. Observações em campo 
permitiram evidenciar que formigas raramente visitam as inflorescências na ausência de 
membracídeos trofobiontes. Assim, a presente dissertação investiga os efeitos da presença da 
associação formiga-membracídeo na reprodução de B. intermedia. Observações naturais e 
manipulações experimentais em campo da presença de formigas e da associação formiga-
membracídeo demonstraram que a presença de formigas nas inflorescências de B. intermedia 
causa uma diminuição no tempo de visita de abelhas polinizadoras, reduzindo a quantidade de 
frutos produzidos pela planta. Os resultados experimentais sugerem ainda que os efeitos 
negativos da associação formiga-membracídeo sobre a reprodução das plantas são devidos ao 
aumento do número de formigas nas inflorescências e não pelo efeito direto da herbivoria do 
membracídeo. 
 
PALAVRAS CHAVE: perturbação, polinização, redução na reprodução, interação planta-
polinizador, mirmecofilia, trofobiose, mutualismo, efeitos indiretos.  
 ABSTRACT 
Ants and plants are dominant organisms in terrestrial ecosystems; as such, ants are 
commonly found visiting plants. Often, ant presence benefits plants, reducing the number of 
herbivores and/or contributing to seed dispersion, and in turn, benefiting themselves by 
feeding and sheltering in structures offered by plants. However, the presence of ants in 
flowers is commonly considered as antagonistic, because ants rarely pollinate but collect 
floral resources, modifying and reducing other insects’ floral visitation frequency or 
efficiency. Ant-plant interactions are very common in the Cerrado. Although many studies 
have investigated the effects of the presence of ants on herbivore attacks or the relation 
between ants and the presence of Extrafloral Nectaries (EFNs), the effect of ant floral 
visitation in this biome remains understudied. Associations between ants and honeydew-
producing insects present near inflorescences can modify the local abundance and behavior of 
ants, potentially disturbing pollinator-plant interactions. Byrsonima intermedia (known in 
Brazil as murici-do-campo) is commonly found in the Cerrado savanna. This plant has 
elaiophores (oil-producing glands) in the base of flowers. The oil produced is collected by 
bees, which in turn, pollinate this plant through buzz-pollination. Field observations allowed 
us to confirm that ants rarely visit B. intermedia inflorescences when there are no treehoppers. 
Considering this, the focus of this dissertation is to study the effects of the presence of the ant-
treehopper association in the reproduction of B. intermedia. Direct observation and 
experimental manipulations of the presence of ants and ant-treehopper association in the field 
showed that the presence of ants in inflorescences reduce the duration of the visit of 
pollinators, which, in turn, reduces the fruit set of the plant. Furthermore, the results of our 
experiments suggest that the negative effects of the ant-treehopper association on plant 
reproduction are caused by the increased number of ants visiting inflorescences and not by the 
herbivory effect. 
 
KEY WORDS: disruption, pollination, reproduction reduction, plant-pollinator interaction, 
myrmecophily, trophobiosis, mutualism, indirect effects. 
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INTRODUÇÃO GERAL 
As formigas (Hymenoptera: Formicidae) são um dos grupos de insetos mais 
comuns e dominantes no mundo, e apresentam uma grande influência nos ecossistemas 
terrestres devido a sua presença tanto no solo quanto no dossel da floresta (Hölldobler & 
Wilson 1990). Este grupo de insetos é muito frequente nas plantas de florestas tropicais e 
pode representar 86% da biomassa e até 94% dos indivíduos artrópodes encontrados na copa 
das árvores (Majer 1990, Tobin 1995). 
As interações entre plantas e formigas (i.e. diretas ou indiretas, mediadas por 
Hemíptera ou Lepidóptera) são comuns em muitas comunidades vegetais e tem sido 
demonstradas como uma defesa eficiente contra herbívoros (Koptur 1992, Oliveira & Freitas 
2004). As interações formiga-planta podem ser consideradas como antagonistas ou 
mutualistas. Entretanto, Holland et al. (2005) consideram que as interações mutualistas 
formiga-planta são baseadas em interações consumidor-recurso. Por exemplo: as formigas que 
são atraídas por nectários, se alimentam de recursos vegetais e, portanto, são herbívoros que 
foram selecionados evolutivamente pelos benefícios fornecidos às plantas (Rico-Gray & 
Oliveira 2007). Mais especificamente, a visitação de formigas a flores é geralmente 
considerada como uma interação antagonista, visto que as formigas consomem o néctar floral 
mas não polinizam a planta. Além disso, as formigas podem afugentar outros visitantes florais 
e possíveis polinizadores, ou danificar partes da flor (Vega et al. 2013). 
Formigas no Cerrado 
Aproximadamente 22% do território do Brasil está coberto pelo cerrado. A 
fisionomia deste bioma é muito variável, apresentando desde áreas com vegetação 
principalmente dominada por árvores e arbustos de 8 a 12 m de altura (cerradão), até áreas 
compostas por árvores e arbustos de 3-8 m com muitas gramíneas (cerrado sensu stricto) 
(Oliveira-Filho & Ratter 2002). O cerrado possui a maior diversidade de formigas quando 
comparado com outros biomas savânicos no resto do mundo, sendo a subfamília Formicinae a 
de maior diversidade e representatividade (Oliveira & Brandão 1991, Schoereder et al. 2010).  
As formigas forrageiam intensamente na vegetação de cerrado, onde diversas 
plantas oferecem recursos as formigas (alimento e/ou lugares para nidificação) que estimulam 
a sua presença na vegetação (Schoereder et al. 2010; Powell et al. 2011). Embora estudos 
reportem que flores sejam muito visitadas por formigas no cerrado (Machado et al. 2008), a 
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maioria dos estudos tem focado no efeito de formigas contra herbívoros (Oliveira & Freitas 
2004). O papel das formigas nos processos relacionados com a polinização e seu efeito sobre 
polinizadores são ainda pouco conhecidos no cerrado (Assunção et al. 2014). 
As formigas como visitantes florais e possíveis polinizadoras 
Muitas plantas são favorecidas pela presença de formigas e muitas espécies as 
atraem oferecendo néctar, açúcares e/ou domácias (estruturas que abrigam colônias de 
formigas) e em troca são protegidas contra herbívoros (Rico-Gray & Oliveira 2007). Além 
disso, os sinais químicos emitidos pelas plantas são fontes essenciais de informação para as 
formigas, e a presença de compostos orgânicos voláteis é importante para atrair ou repelir 
formigas a lugares específicos da planta (Ballantyne & Willmer 2012, Vega et al. 2013). Há 
estudos que sugerem que a presença das formigas nas flores pode ter um efeito negativo na 
reprodução da planta (ver Norment 1988; Malé et al. 2011; Vega & Herrera 2013; 
Cembrowski et al. 2014; LeVan et al. 2014). Entretanto, Stanley et al. (2012) sugerem que a 
presença das formigas pode ter um efeito indireto ao induzir os polinizadores a mudar de flor 
para evitar serem atacados pelas formigas, resultando em um aumento no número de flores 
visitadas por unidade de tempo. Dependendo da espécie vegetal, este efeito indireto pode ser 
considerado negativo desde a perspectiva da planta, especialmente se a planta é auto-
incompatível (e.g. plantas que precisam de polinização cruzada para a formação de frutos), 
nas quais a mistura de pólen da mesma planta entre flores impede ou diminui o acesso de 
grãos de pólen de outros indivíduos da mesma espécie (Lau & Galloway 2004). O efeito pode 
ser considerado positivo, desde que o aumento de flores visitadas leve a um aumento na 
transferência de pólen entre flores e, por sua vez, um aumento na quantidade de flores 
polinizadas (Stanley et al. 2012). 
Embora muito abundantes nas plantas, a atuação das formigas como polinizadoras 
eficientes ainda é um tema polêmico que tem gerado muita discussão entre ecólogos, 
especialmente porque grande parte dos relatos é observacional (Gómez et al. 1996). No 
entanto, muitos autores supõem que as formigas não sejam boas polinizadoras, tendo um 
papel de pilhadoras de néctar. Além disso, estudos sobre espécies de plantas que são 
polinizadas por formigas são ainda escassos (Puterbaugh & Prince 2001; Rico-Gray & 
Oliveira 2007), e poucos trabalhos foram realizados para testar o efeito das formigas na 
polinização e produção de sementes (ver lista em Vega et al. 2014). 
É importante considerar que a competição por recursos florais entre polinizadores 
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não é necessariamente prejudicial para a planta, uma vez que ambos os competidores 
fornecem serviços de polinização e grupos menos eficientes não afastam grupos de 
polinizadores mais eficientes (Lau & Galloway 2004). No entanto, quando a competição é 
entre polinizadores e outros organismos que não fornecem usualmente esse serviço, como é o 
caso das formigas, existe uma maior probabilidade que essa interação tenha um efeito 
negativo (se há algum efeito no recurso ou os polinizadores) na aptidão da planta 
(Cembrowski et al. 2014).  
Associações entre formigas e herbívoros trofobiontes 
Carroll & Janzen (1973) sugeriram que hemípteros que produzem exsudados 
açucarados poderiam ter uma função análoga aos nectários extraflorais (NEFs), pois a 
presença formigas associadas a plantas com estas estruturas pode reduzir o ataque por outros 
herbívoros. Esta associação entre formigas e herbívoros trofobiontes poderia ter um efeito 
positivo na aptidão da planta, desde que hajam outros herbívoros e que as formigas reduzam o 
ataque por estes às plantas (Oliveira & Del-Claro 2005). Muitos fatores tais como a presença 
e abundância de outros organismos e a identidade das espécies envolvidas podem afetar estas 
associações tri-tróficas (planta-formiga-herbívoros) e seus custos e benefícios (Kaminski et al. 
2009). 
A produção de exsudados açucarados por alguns hemípteros (afídeos, 
membracídeos e cochonilhas) que se alimentam de elementos presentes no tubo crivado, 
fornece vantagens para estes organismos, desde que formigas sejam atraídas a este recurso 
(Stadler & Dixon 2008). Um dos benefícios fornecido por formigas a hemípteros trofobiontes 
é a redução de ataques por predadores e parasitoides (revisado por Stadler & Dixon 2008). 
Estes organismos encontram-se normalmente agregados e raramente são observados sem 
formigas forrageando exsudados açucarados, o que sugere que os exsudados são de fato muito 
atrativos para as formigas (Fig. 1; Del-Claro & Oliveira 1993, 1996). 
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Figura 1. Operária de Camponotus rufipes (Formicinae) coletando uma gota de exsudado 
produzido por uma ninfa de Amastris undulata (Membracidae) na inflorescência de 
Byrsonima intermedia. Foto por: Javier Ibarra Isassi. 
 
Devido à ampla distribuição geográfica e ao longo período de floração, Byrsonima 
intermedia (Malpighiaceae) apresenta uma diversidade alta de espécies de membracídeos 
associados (Lopes 1995). Contudo, não foi encontrada informação sobre a comunidade de 
formigas associadas a membracídeos nesta espécie de planta. Entretanto, Fernandes et al. 
(2005) relata que para B. crassifolia, a comunidade de insetos herbívoros associados é 
influenciada pela presença de formigas e, especificamente, a abundância de membracídeos é 
aproximadamente 5 vezes maior quando as formigas estão presentes nas inflorescências. 
Biologia reprodutiva de Byrsonima intermedia 
Os indivíduos de B. intermedia apresentam uma altura de 0,4 m a 1,6 m e 
produzem inflorescências racemosas e terminais, com média de 8,66 flores/dia. As flores são 
hermafroditas, zigomorfas, pentâmeras, diurnas e sem odor perceptível (Oliveira et al. 2008). 
As flores de B. intermedia são zigomorfas e possuem estames e estiletes voltados para o 
centro da flor. Além disso, apresentam cinco sépalas dotadas de elaióforos (Fig. 2) na 
superfície abaxial, o que permite classificá-las como flores de óleo (Anderson 2013). A 
estrutura da flor é influenciada pela pressão seletiva de polinizadores himenópteros, 
especificamente por abelhas das tribos Centridini e Tapinotaspidini (Sigrist & Sazima 2004; 
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Benezar & Pessoni 2006; Bezerra et al. 2009; Boas et al. 2013). 
 
Figura 2. Elaióforos nos botões florais de Byrsonima intermedia (quadro vermelho). Foto 
por: Javier Ibarra Isassi. 
 
Os botões florais em B. intermedia apresentam óleo e pólen durante a pré-antese; 
as flores duram geralmente um dia e a antese ocorre aproximadamente às 09:00h (Oliveira et 
al. 2008). No momento da antese, as flores produzem óleo e pólen. Ao longo do dia ocorre 
uma diminuição gradual na quantidade de pólen, culminando com o escurecimento e queda 
das anteras e pétalas, e ressecamento dos elaióforos (Oliveira et al. 2008). Segundo o estudo 
feito por Boas et al. (2013), B. intermedia é auto-incompatível e depende de polinizadores 
visto que não há formação de frutos após auto-polinização espontânea. 
A assembleia de polinizadores de B. intermedia é composta por doze espécies de 
abelhas, cinco das quais pertencem ao gênero Epicharis (Centridini) e foram classificadas 
como as polinizadoras efetivas (Oliveira et al. 2008; Boas et al. 2013). As abelhas do gênero 
Epicharis possuem adaptações para coleta de óleo, sendo consideradas especialistas na visita 
a plantas com flores que produzem óleo (Buchmann 1987). Sazima & Sazima (1989) relatam 
que as abelhas Epicharis mordem a pétala superior e raspam os elaióforos do cálice com as 
patas anteriores e intermediárias. Os movimentos das patas anteriores para apoio nos 
elaióforos, e a pressão do corpo, causam a vibração das anteras e ao mesmo tempo produzem 
um som particular. O fenômeno é conhecido como polinização por vibração (Buchmann 
1983). 
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OBJETIVOS GERAIS 
Diante do contexto apresentado acima e considerando observações preliminares 
em campo da dinâmica deste sistema tri-trófico (Fig. 3), o presente estudo objetivou 
investigar se a visitação de formigas a membracídeos trofobiontes próximos a flores de B. 
intermedia afeta a visitação por abelhas polinizadoras e, em última análise, a reprodução da 
planta. 
Mais especificamente, este projeto visou: (1) Avaliar o efeito da presença de 
membracídeos trofobiontes sobre a abundância de formigas em inflorescências de B. 
intermedia; (2) Investigar se a presença das formigas nas proximidades de flores de B. 
intermedia afeta o padrão de visitação às flores pela assembleia de polinizadores; e (3) 
Investigar se a presença de associações entre formigas e membracídeos trofobiontes próximo 
a flores afetam a reprodução de B. intermedia. 
 
 
Figura 3. Abelha (Centris varia) aproximando-se a inflorescência de B. intermedia com 
operárias de Camponotus rufipes associadas a ninfas de membracídeos. Foto por: Javier Ibarra 
Isassi. 
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ÁREA DE ESTUDO 
O trabalho de campo foi realizado na área de cerrado da Estação Ecológica do 
município de Itirapina (22º 11’ S e 47º 51’ W), no estado de São Paulo. A reserva está sob a 
responsabilidade do Instituto Florestal, órgão da Secretaria do Meio Ambiente do Estado de 
São Paulo. 
A vegetação consiste de plantas rasteiras, arbustos e árvores, sendo considerada 
como cerrado sensu stricto (Goodland 1971; Oliveira-Filho & Ratter 2002; Zanchetta et al. 
2006). A precipitação média anual é de 1459 mm, sendo os meses entre outubro e março os 
mais chuvosos (1128 mm em média) e de abril a setembro o período seco (331 mm). Já a 
temperatura média anual é de 21,9°C, sendo janeiro e fevereiro (24,8 e 24,9°C) os meses mais 
quentes, e junho e julho (17,8 e 17,9°C) os mais frios (dados de Zanchetta et al. 2006). 
Foram utilizadas 60 plantas para o estudo em uma área de 80 hectares. Para cada 
planta foi registrada o estágio fenológico, quantidade de inflorescências, espécies de formigas 
presentes e a ocorrência de espécies de herbívoros trofobiontes (Fig. 4). 
 
Figura 4. Localização e descrição da área de estudo. A) Localização da Estação Ecológica 
Itirapina (polígono vermelho) e distribuição das plantas marcadas (pontos amarelos e 
vermelhos) (Datum: SIRGAS 2000 UTM 23S). B) Vegetação de cerrado sensu stricto na área 
de estudo. C) Inflorescências de Byrsonima intermedia na área de estudo. Fotos por: Javier 
Ibarra Isassi. 
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ABSTRACT 
The reproduction of plant species that depend on animals to be pollinated may be 
susceptible to changes in pollinator availability. Negative interactions between floral visitors 
may disrupt pollination services and, as a result, reduce the reproductive output of the plant. 
Studies commonly report ants as pollination disruptors, as they can deter pollinators and they 
rarely pollinate the flowers they visit. Ant abundance and foraging behavior may be affected 
by the presence of honeydew-producing insects on plants. However, the effects on plant 
reproduction of the association between ants and honeydew-producing insects is yet unclear. 
Treehoppers produce honeydew that is attractive to ants and occur frequently in 
inflorescences, modifying the local abundance of ants in flowers and potentially enhancing 
their effects on pollination services. We observed the local abundance of treehoppers and ants 
on Byrsonima intermedia and monitored the activity of floral visitors for three months in an 
area of cerrado savanna in southeast Brazil. We then manipulated the presence of ants and 
ant-treehopper associations in the inflorescences of B. intermedia to assess their effect on 
pollination services and fruit formation. Our results show that with increased abundance of 
treehoppers there is an increased abundance of ants on inflorescences. The duration of visits 
by winged insects declined with increasing abundance of ants on inflorescences. Fruit set is 
reduced when ant-treehopper associations are present on inflorescences. Fruit weight, 
however, is not affected by treehopper presence. Experiments using ants pinned to 
inflorescences revealed that bee pollinators avoid ant-occupied flowers. Our data suggest that 
herbivory alone does not affect the quality of the fruits and possibly ant presence near flowers 
is the main cause of disruption of pollination services. Our results show that presence of 
treehoppers on B. intermedia inflorescences increases the abundance of ants near flowers, 
which disrupt bee pollination and reduce the reproductive output of the plant. This is the first 
demonstration of negative indirect effects, via disrupted pollination, by an ant-treehopper 
mutualism on plant reproduction in a tropical savanna. 
 
 
KEY WORDS: Camponotus, Ectatomma, Amastris, Enchenopa, pollination disruption, plant-
pollinator interaction, ant-plant interaction, Byrsonima intermedia, Malpighiaceae, Cerrado 
savanna. 
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INTRODUCTION 
Arthropods and flowering plants are amongst the most abundant organisms in 
most terrestrial landscapes and as such, their life histories are bound to cross in many 
environments (Rico-Gray and Oliveira 2007). The relationships between plants and 
pollinators may be one of the most ecologically important types of animal-plant interactions 
(Kearns et al. 1998) and as much as 87.5% of plant species are animal pollinated (Ollerton et 
al. 2011). Anthropogenic disturbance has caused pollinator populations to decrease, 
jeopardizing pollination services (Aguilar et al. 2006, Winfree et al. 2009). 
Many plant species have different degrees of flexibility regarding pollinator 
interactions, being able to be pollinated by a single species or by several (Alarcón et al. 2008). 
However, in highly diverse communities, negative interactions between floral visitors may 
compromise pollination services, with the relationship between plants and low-efficiency 
pollinators varying from commensalism to antagonism (Lau and Galloway 2004). 
Additionally, these negative interactions involving floral visitors include predation by 
arthropods such as wasps and spiders (Dukas and Morse 2003, Romero et al. 2011), which 
can affect pollination services (and in turn fruit formation) by harassing pollinators and 
prompting flower avoidance behavior (Gonçalves-Souza et al. 2008). 
Although ants are often observed visiting flowers in a variety of environments, the 
outcomes of their interactions with flowers are frequently reported as negative and rarely 
provide effective pollination services (Hölldobler and Wilson 1990). Furthermore, floral 
visitation by ants can result in reduced pollen viability when pollen grains come in contact 
with ant integument (Beattie et al. 1984, Dutton and Frederickson 2012), damage to 
reproductive structures (Palmer et al. 2010), harassment of floral visitors (Tsuji et al. 2004, 
Ness 2006), avoidance or alteration of floral visitation behavior in response to olfactory (Li et 
al. 2014) and visual cues (Cembrowski et al. 2014), and exploitation or modification of floral 
resources (Lach 2008, Vega and Herrera 2013). However, floral visitation by ants may result 
in positive outcomes for the plant, such as deterrence of less effective pollinators (Gonzálvez 
et al. 2013) and floral herbivores (Del-Claro et al. 1996; Oliveira 1997), as well as few cases 
of ant pollination (see species list in Vega et al. 2014). Although ant floral visitation is 
pervasive in almost every terrestrial environment, few studies have assessed how ant-flower 
interactions can ultimately affect plant reproduction (Ashman and King 2005). 
Floral visitation by ants can be enhanced when ants interact with honeydew-
producing insects that feed near flowers, since presence of trophobionts increase ant visitation 
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to plants (Rico-Gray and Oliveira 2007). Yet, their ecological consequences remain 
understudied (Styrsky and Eubanks 2007). Ants tending honeydew-producing insects often 
drive off other insects (predators, parasitoids, other herbivores, etc.) causing a positive effect 
on the trophobionts (Stadler and Dixon 2008), other ant-associated insects (Kaminski et al. 
2010), as well as an indirect positive effect on the plant by reducing herbivore attack (Messina 
1981; Moreira and Del-Claro 2005; Pringle et al. 2011). Even though ants tending honeydew-
producing insects may be distracted from foraging nectar in flowers, ants are commonly 
found on inflorescences (Lach 2007). Despite the ubiquity of ant-mediated interspecific 
interactions near flowers in many terrestrial ecosystems, few studies have experimentally 
assessed the effect of ant-trophobiont interactions on pollinators and the consequences for 
plant reproduction (but see Horvitz and Schemske 1984; Styrsky and Eubanks 2010; LeVan 
and Holway 2015). 
Previous work focusing on ant-aphid associations demonstrated that the 
interaction between cotton aphids (Aphis gossypii) and red fire ants (Solenopsis invicta) may 
enhance cotton plant (Gossypium hirsutum) reproduction, by reducing other non-aphid 
herbivore attacks (Styrsky and Eubanks 2010). More recently, LeVan and Holway (2015) 
demonstrated that ant-aphid interactions negatively affect cotton plant reproduction by 
harassing other floral visitors. 
In this study, we investigate how ant-treehopper associations in inflorescences of 
Byrsonima intermedia A. Juss. (Malpighiaceae) can affect bee pollination and plant 
reproduction in an area of cerrado savanna in southeast Brazil. We also manipulated the 
presence/absence of ants and treehoppers to determine their effect on the behavior of bee 
pollinators as well on the reproductive output of the plant. Specifically, our observations 
under natural conditions and experimental manipulations assessed (1) how the presence of 
treehoppers affects ant abundance near flowers of B. intermedia, (2) how ant presence near 
the flowers affects visitation behavior of bee pollinators, (3) how ant-treehopper associations 
affect plant fruit production. 
 
METHODS 
Study area 
Fieldwork was carried out at the cerrado reserve of the Estação Ecológica de 
Itirapina (22º14’43”S, 47º53’23”W), state of São Paulo, southeast Brazil. The vegetation 
physiognomy corresponds to a cerrado sensu stricto, characterized by a dense scrub of shrubs 
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and trees inside of a herbaceous matrix (Oliveira-Filho and Ratter 2002). According to 
Zanchetta et al. (2006), mean annual temperature is 21.9 ºC, being February the warmest 
month (24.9 ºC) and June the coldest (17.8ºC). Rainy season is from October to March (mean 
rainfall 1128 mm) and the dry season is from April to September (mean rainfall 331 mm). 
In this area, we tagged 60 plants to use for the different experiments within 80 ha, 
registering the phenological stage, height and number of inflorescences (if any) for each plant 
(see more details below). We only tagged plants that were at least 1.5 m away from each 
other. We also carried out monthly surveys during 6 months in order to record the identity and 
abundance of ants and treehoppers on the plants. 
 
Study system 
In 2015 we carried out observations and manipulative experiments under field 
conditions to assess the effect of the presence of honeydew-producing treehoppers on ant 
abundance, as well as the effect of ant-treehopper associations on flower visitors of shrubs 
(0.4-2.0 m tall) of Byrsonima intermedia A. Juss (Malpighiaceae). This plant has terminal and 
racemose inflorescences, zygomorphic flowers that are hermaphroditic with five pairs of 
elaiophores (oil-producing glands under the flowers). Flowers are diurnal, last one day and 
anthesis is variable: some flowers open around 9:00h while others may delay opening until 
around 15:00h (Oliveira et al. 2007, Boas et al. 2013). Flowering period lasts nine months 
(August – April) with a peak in the beginning of the rainy season; fruiting lasts eight to nine 
months, occurring simultaneously with the flowering period (Boas et al. 2013). 
 
Effects of treehoppers on ant abundance  
In the cerrado, treehoppers are commonly tended by ants that harvest their 
carbohydrate-rich honeydew, and in return the ants may reduce treehopper mortality due to 
predators and parasitoids (Lopes 1995; Del-Claro and Oliveira 1999, 2000). If unattended by 
ants, treehopper aggregations may flick honeydew droplets to the ground in order to attract 
ants, which climb onto the plant and start tending activities (Del-Claro and Oliveira 1996). 
Considering this, from January to April 2015 we monitored weekly treehopper and ant 
abundances on each of 30 individuals of B. intermedia (chosen randomly from the previously 
60 tagged individuals). We counted the number of ants and treehoppers on each plant, 
recorded ant and treehopper species, and treehopper development stage at different times of 
day beginning our observations at 8:00h to 18:00h. We used time-averaged estimates which 
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are equal to the mean abundance of ant per inflorescence per plant across weekly observation 
periods. 
We used generalized linear models (GLM) to test the effect of treehoppers on ant 
abundance and the effect of ant-treehopper interactions on the duration of visits by floral 
visitors of B. intermedia. We used a Poisson distribution since it is appropriate for count data 
showing a positive skew (Quinn and Keough 2002). In addition, we used logit link function 
and Laplace approximation and maximum likelihood for parameter estimation. As a measure 
of model fit, we used Efron’s Pseudo-R2 for which values are bounded by 0 and 1 (greater 
values indicate better fit). Efron’s Pseudo-R2 can be used as an analogue value of R2 for a 
linear regression (Efron 1978). All statistical analyses were performed in R 3.0.2 (R Core 
Team 2013). 
 
Effect of ant-treehopper associations on the activity of floral visitors  
Ness (2006) suggests that frequency of floral visitation by bees varies depending 
on the ant species present on the inflorescence. Bees are affected by several signal cues that 
influence their decision of visiting or avoiding the flower. When ants are present, their smell 
and chemical trails may affect the bee’s decision (Junker et al. 2007). However, Bombus bees 
can learn through experience that the smell of the ant can be ignored and that visual cues are 
more important (Ballantyne and Willmer 2012). 
In order to record the assemblage of winged floral visitors to B. intermedia, 15 
flowering individuals were observed. We counted every floral visitor and duration of visits for 
30 min throughout the day. Plants were randomly chosen during each observation period. 
Daily field observations were carried out from 08:00 to 18:00 h, every two hours (during 5 
days, totaling 750 min of observation). Any insect that had contact for at least 0.5 s with the 
flower and/or its reproductive parts was considered a floral visitor. 
We used a GLM (assuming a Poisson distribution, logit link function and 
maximum likelihood for parameter estimation) to analyze the relationship between ant 
abundance in inflorescence and winged insect visitation time. We considered each visit as a 
unit for analysis (n = 91). We did not consider observations that had no visitation.  
We pinned dead workers of Camponotus rufipes (Formicinae) and Ectatomma 
brunneum (Ectatomminae) to estimate the relative effect of natural encounters between floral 
visitors and ant species commonly found in B. intermedia. We used these two ant species for 
this experiment since they are two morphologically distinct species that are commonly found 
foraging in the inflorescences of B. intermedia (see results). Discrimination between 
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treatments was assessed in the field via direct observation of three inflorescences of B. 
intermedia (see below). We selected 10 plants that had similar heights (~0.8-1.2 m) and 
number of inflorescences (~12-15) and similar number of recently opened flowers (~5-8). All 
other inflorescences were clipped off to induce prospective visitation to flowers between 
treatments. Ant access to inflorescences was prevented by applying Tanglefoot® (sticky 
resin) at the base of inflorescences as well as pruning plant bridges. 
Insect occupation on inflorescences was simulated by pinning recently captured 
ants to inflorescences (following Sendoya et al. 2009). Inflorescences were randomly assigned 
one of the following treatments: (1) No ants; (2) Pin; (3) 1 worker of Camponotus rufipes; and 
(4) 1 worker of Ectatomma brunneum. Pins had no effect on floral visitation: bees and other 
insects visited equally inflorescences with or without pins (Binomial GLM; Z = -0.687, df = 
39, P = 0.492, n = 10 treatment blocks). We recorded visitation or avoidance behavior of 
winged visitors for each treatment block for 30 min between 8:00 and 18:00 h (40 observation 
events in 4 days, totaling 1200 min of observation), randomizing each observed individual 
throughout the day.  
We constructed a general linear model in order to explain the results obtained in 
the “pinned insect” experiment. We used the treatment as a variable that may explain the 
number of approximations (visitation or avoidance) and an a priori orthogonal contrasts 
analysis for a GLM with binomial distribution (visitation/avoidance ratio). We estimated 
parameters using logit link function, Laplace approximation and maximum likelihood. We did 
not consider the block effect in order to avoid using underdeveloped statistical models (Bolker 
2008). 
 
Effects of ant-treehopper association on fruit production 
The honeydew produced by treehoppers is very attractive to several species of 
ants (Engel et al. 2001) and the associated ants may pray on other insects (Styrsky and 
Eubanks 2007). However, few studies have focused on investigating the effect of ant-
treehopper associations on fruit formation. Considering this, we tested the effect of ant-
treehopper associations (ANT-TRH) on fruit production through exclusion experiments using 
B. intermedia inflorescences. 
We selected 30 plants that were in similar phenological phase, had the same 
height (~ 0.7 m tall) and the same number of inflorescences (~12 – 15). Then, we established 
the following treatments: (1) “No exclusion”, inflorescence left open (winged floral visitors 
and ANT-TRH); (2) “Only winged visitors”, flying insects allowed, no treehoppers or ants 
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(Tanglefoot® resin applied to base of branch); (3) “Only ANT-TRH”, ants and treehoppers 
present, winged visitors excluded by a voile bag; and (4) “Total exclusion”, all insects 
excluded by bagging the inflorescence with voile bags and applying Tanglefoot® resin to the 
base of the branch. Treatments (1) and (3) had resin applied on only one side of the branch so 
that ants could still access the inflorescence. All treatments were checked every 3 days for a 
month to assure the presence/absence of the organisms on the experimental inflorescences. 
We registered the number of flower buds of each experimental inflorescence. After one 
month, we bagged all inflorescences and applied a ring of Tanglefoot® resin in order to 
exclude all visitors. Then, after two months, we counted the number fruits formed. Fruits were 
dried (for 48h at 70ºC) and weighted as an estimate of fruit quality from each treatment. 
The fruit set in each experimental group of inflorescences was analyzed using a 
Generalized Linear Mixed Model using the presence/absence of the ANT-TRH and winged 
visitors as fixed factor (assuming a Gamma error distribution). We considered the individual 
plants (with all four treatments) as a random variable in the model (blocks). For this model, 
we used the log link function and maximum likelihood for parameter estimation. As we had 
many zeroes in our data, we corrected by adding 0.05 to all the data of the response variable 
(fruit set proportion), avoiding possible interpretation errors caused by zero inflated models. 
We used the “glmmADMB” package (Fournier et al. 2012). In order to analyze fruit weight, 
we constructed a GLMM using the treatments as a factor (assuming a Gaussian error 
distribution and controlling for skewness and kurtosis), the individual plants as a random 
factor in the model (block effect) and using identity link function and maximum likelihood for 
parameter estimates. For the fruit weight model we did not consider the ‘Total exclusion’ 
treatment since it had no fruits formed. This last analysis was carried out using the ‘lme4’ 
package (Bates et al. 2015) for R software version 3.0.2 (R Core Team 2013).  
 
RESULTS 
Field surveys revealed that two species of treehoppers, Enchenopa gracilis 
Germar and Amastris undulata Broomsfield, were associated with 84% of B. intermedia 
individuals (n= 60). Additionally, 11 species of ants were registered visiting 95% of the plants 
(n= 60), the most frequent of which were Camponotus rufipes (66%), C. crassus (16%) and 
Ectatomma brunneum (9%). For our analyses, plants hosting E. gracilis (45%) or A. 
undulauta (39%) were treated equally since they did not differ in the average number of 
32 
 
 
tending ants (F1,59 = 3.141, P = 0.09), and as such potential effects on plant reproduction were 
considered the same. 
 
Effects of treehoppers on ant abundance  
Ant abundance on B. intermedia inflorescences increased proportionally with 
treehopper abundance. We found there is a positive correlation between the number of 
treehoppers (nymphs) and ant abundance on B. intermedia inflorescences (Fig. 1; Z = 2.887, df 
= 29, P < 0.001, Pseudo R2 = 0.43). 
 
 
Figure 1. Number of ants and treehoppers per Byrsonima intermedia plant. Each point represents the 
abundance of ants tending the treehopper aggregation. The values of this test and P value correspond 
to a GLM. Efron’s Pseudo R2 = 0.43. 
 
Effects of ant-treehopper associations on the activity of floral visitors  
We recorded nine species of floral visitors belonging to Apidae (4), Halictidae (2), 
Syrphidae (1) and Muscidae (1). Centris varia (Apidae) and Augochloropsis sp. (Halictidae) 
where considered frequent visitors (frequency ≥ 0.75), whereas other species were considered 
occasional visitors (Table 1). All visitors were active during the sampling period (08:00 h – 
18:00 h), with the highest frequency of visits early in the morning (8:00 h) and between 10:00 
h and 14:00 h (Fig 2). The duration of floral visits by all insects declined with increasing 
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number of ants on B. intermedia inflorescences (Fig. 3, Z = 11.2, df = 51, P < 0.001, Pseudo 
R2 = 0.26). 
 
Table 1. Frequency of visitation (number of visits/total number of hours of observation) and 
floral resource collected by winged floral visitors of Byrsonima intermedia. 
 
Floral Visitor 
Visitation 
frequency 
(per hour) 
Resource 
collected* 
Apidae    
 Apis melífera Linaeus 1758 0.56 Pollen 
 Centris varia (Erichson 1848) 5.44 Pollen, Oil 
 Trigona spinipes (Fabricius 1793) 0.56 Pollen 
 Xylocopa ordinaria Smith 1874 0.16 Pollen 
Halictidae    
 Augochloropsis sp. 0.88 Pollen 
 Augochlora sp. 0.24 Pollen 
Muscidae    
 Muscidae sp. 0.08 Pollen 
Syrphidae    
 Toxomerus sp. 0.08 Pollen 
* Boas et al. 2013 
 
 
Figure 2. Ant and winged insect visitation activity throughout the day. Each point represents the mean 
number of ants (black) or winged insects (white) observed (±SE) visiting the inflorescences of 
Byrsonima intermedia. 
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Figure 3. Duration of visitation by winged insects to flowers of Byrsonima intermedia as a function of 
the number of ants present on the inflorescence during the visit. Each point represents each observed 
visit. The test and P values correspond to a GLM. Efron’s Pseudo R2 = 0.26. 
 
Besides considering the effect of the presence and quantity of ants on the floral 
visit duration by B. intermedia pollinators, we also took into account the identity of the ant 
species using an experimental approach of pinning two ant species. The experiment pinning 
two species of ants (Camponotus rufipes and Ectatomma brunneum) to the inflorescences of 
B. intermedia showed that ant presence promotes an avoidance behavior by floral visitors, 
reducing the total number of visits (Fig. 4, χ2 = 47.679, df = 3, P < 0.001). Furthermore, we 
evidenced that the identity of the ant is an important factor affecting the number of 
approaches by floral visitors (No ants vs C. rufipes: Z = -2.843, df = 39, P = 0.005; No ants 
vs. E. brunneum: Z = -4.140, df = 39, P < 0.001). Ectatomma brunneum caused increased 
avoidance behavior by floral visitors compared to Camponotus rufipes (C. rufipes vs E. 
brunneum: Z = -2.396, df = 39, P = 0.01). 
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Figure 4. Number of effective approaches to flowers (visits/total approaches) by winged visitors per 
treatment (n=10) Treatments: No ants: no pinned ants to inflorescence; Pin: pin used to hold ants to 
inflorescences; C. rufipes: Camponotus rufipes individual pinned to inflorescence; and E. brunneum: 
Ectatomma brunneum individual pinned to inflorescence. Different letters represent significant 
statistical difference (P < 0.05). All bars represent proportion of visits divided by the total number of 
approaches to flowers (±SE adjusted for binomial distribution). 
 
Effects of ant-treehopper associations on plant fruit production 
The reproductive output of B. intermedia decreased when ant-treehopper 
associations (ANT-TRH) are present on plants. Fruit set is reduced by the presence of ANT-
TRH on the inflorescences (Table 2, Fig. 5). Presence of the ANT-TRH, however, had no 
effect on fruit weight (F = 0.231, df = 2, P = 0.79). 
 
DISCUSSION 
The presence of treehoppers increased the abundance of ants on inflorescences of 
Byrsonima intermedia, which disrupted floral visitation by flying insects. Moreover, the 
presence of ant-treehopper associations on inflorescences reduced the reproductive output of 
the plants as expressed by fruit set. Our results also showed that increased ant abundance 
reduced the duration of floral visitation of flying insects. Although a combination of different 
factors may affect fruit formation, we detected a negative effect of the presence of ant-
treehopper associations on the reproductive output of B. intermedia. 
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Table 2. Results of mixed model analysis on a full factorial model experiment of the presence 
of ant-treehopper association on Byrsonima intermedia fruit set. The intercept of the model is 
the absence of both winged insects and ANT-TRH (ant-treehopper association). Fixed 
variables: ANT-TRH and Winged insects presence/absence. The table shows estimated coefficients 
for the linear model for each variable (± standard error) and the results of the log-likelihood 
ratio test. Significant p values are in bold. See also Fig. 5. 
 
Random factor    Variance 
Plant (Block)    0.0372 
Fixed factor 
(factor level) 
Estimate 
Standard 
error 
Z P 
Intercept -2.978 0.118 - - 
ANT-TRH 0.464 0.153 3.04 0.002 
Winged 0.986 0.159 6.19 <0.001 
ANT-TRH*Winged -0.635 0.218 -2.91 0.004 
Significant effect: P < 0.05 
 
 
 
Figure 5. Fruit set (number of fruits divided by the number of initial flowers) (n = 28). Black points 
represent ant-treehopper association presence and white points represent ant-treehopper association 
absence.  
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Lopes (1995) reports that B. intermedia is commonly used by treehoppers in all 
stages of their life cycle. Ant-treehopper associations have been thoroughly studied in some 
cerrado plant species (see Del-Claro and Oliveira 1996, 1999, 2000, Oliveira and Del-Claro 
2005, Bezerra et al. 2009), as well as the interaction of this association with other insects, 
such as Lepidoptera (Kaminski et al. 2009). Increased floral visitation by ants in the presence 
of honeydew-producing treehoppers has already been reported in other systems (e.g., Lach 
2007), including associations occurring on inflorescences in the cerrado (Lopes 1995). 
Considering this, the effect of ants on flying floral visitors may be enhanced by the presence 
of treehoppers. In our case, the number of ants visiting flowers of B. intermedia increased in 
the presence of treehoppers, which in turn augmented ant-induced negative effects on plant 
reproduction via decreased pollination. Indeed, ants rarely visited B. intermedia flowers in the 
absence of treehoppers. 
All winged insects visiting flowers of B. intermedia collect pollen (see Boas et al. 
2013). However, bumblebees (Centris varia) are the only ones reported to also collect oil 
from the elaiophores at the base of flowers and exhibit buzz pollination behavior (see Vogel 
1974, Sigrist and Sazima 2004, Boas et al. 2013). This information suggests that it may be the 
only effective pollinator of B. intermedia in our study area. Although floral visitation by 
winged insects was typically fast (normally 1 to 4 s per flower), with bees flying away and 
visiting the same flower several times, the vibration of buzz pollinators triggered an 
aggressive response by nearby ants tending treehoppers. The alerted ants would then reduce 
the duration of the visits by buzz pollinators, likely reducing pollination efficiency (see Boas 
et al. 2013). Our results also showed that flower visitation by winged insects peaks at periods 
of low ant activity, suggesting that flower visitors might avoid encounters with ants.  
Our experiments indicate that the presence of ants has a negative effect on the 
reproduction of the plant, disrupting pollination services by reducing the duration of the floral 
visitation of bees. This result corroborates the study by LeVan and Holway (2015) with cotton 
(Gossypium hirsutum), which shows that increased numbers of aphid-tending Argentine ants 
(Linepithema humile) cause a decrease in the duration of visit by honeybee pollinators. 
However, shorter visits may benefit the plant through increased numbers of visited flowers 
per time unit (see Altshuler 1999; Ness 2006). It is thus important to consider the time and 
number of flowers visited, as well as the quality and viability of the fruit and/or seed formed 
after the visit in order to assess the net effect of ant presence on pollinators and plant 
reproduction. Our experiment using pinned ants in inflorescences showed that ant presence 
mediates flower visitation by winged insects and further detected a species-specific effect on 
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flower visitors, which showed increased avoidance behavior for Ectatomma brunneum than 
for Camponotus rufipes ants. Other studies have demonstrated that winged insects use visual 
recognition cues to avoid aggressive ants, altering egg-laying decisions and even 
discriminating between different species of potential predatory ants (Freitas and Oliveira 
1996, Sendoya et al. 2009). Ness (2006) reports that floral visitation by bees varies, in both 
duration and actual frequency, depending on the species of ant present on the flower. 
Furthermore, other studies have shown that the presence of ants on flowers affects the 
visitation or avoidance behavior of pollinators (Keeler 1977; Cembrowski et al. 2014, LeVan 
and Holway 2015). Recent theoretical models suggest that when the level of ant 
aggressiveness is above a certain threshold it may drive pollination mutualisms to extinction 
(Wang and Hu 2015). Other models, however, show that when ant interference level is weak, 
coexistence between ants and pollinators could occur (Wang and Wang 2015). In our study 
system, ants that were commonly found foraging in the inflorescences are considered very 
aggressive (Hölldobler and Wilson 1990; Sendoya et al. 2009; Alves-Silva 2011). 
Considering that effective pollinator diversity is low in our study area, further studies or 
ecological models should explore long-term consequences of the presence of these ants on B. 
intermedia inflorescences. 
Our exclusion experiment suggests that the presence of the ant-treehopper 
associations negatively affect fruit formation, and that this probably results from the effect of 
tending ants on floral visitors rather than from a direct effect of treehoppers on the 
inflorescences. In a similar study, LeVan and Holway (2015) also suggested that the reduction 
in seed set in cotton plants results from pollination disruption by ants rather than from 
herbivore damage. In the case of B. intermedia, additional information, such as the 
consumption rate by any or both treehopper species, is needed before we can properly assess 
the potential negative effects of treehoppers on the plant’s resource allocation to reproduction. 
Even though studies show that ant-hemipteran interactions may enhance host 
plant reproduction (Styrsky and Eubanks 2007), recent studies (Wielgoss et al. 2014, LeVan 
and Holway 2015) including this one, propose that the positive indirect effects are dependent 
on the identity, abundance and behavior of the ant species involved. Positive effects on plant 
reproduction normally result from ant-induced herbivore deterrence (Messina 1981, Bach 
1991, Kaplan and Eubanks 2005, Pringle et al. 2011). Yet, with increased ant foraging on 
flowers due to the presence of ant-associated herbivores, plant reproduction may be decreased 
because of interactions between ants and other floral visitors (see Buckley 1983, Horvitz and 
Schemske 1984, Rico-Gray & Thien 1989, Rico-Gray & Castro 1996, Renault et al. 2005, 
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LeVan and Holway 2015). Therefore, the net effect of ant-hemipteran interactions on host 
plants depend on the balance between the benefit resulting from ant-induced herbivore 
deterrence and the cost of the negative effect resulting from pollinator disturbance (Ohm and 
Miller 2014). The outcome of such multispecies interaction system can be influenced by the 
identity of participant ant species as related with their foraging behavior and aggressiveness 
(Ness et al. 2009), as well as the degree of pollination disruption caused by ant-induced 
disturbance of floral visitors (Lach 2003). 
Finally, our results add to the understanding of how host plants may be affected 
indirectly by the presence of mutualistic associations. We demonstrate for the first time that 
plant reproduction can be negatively affected by the presence of an ant-treehopper association 
in cerrado savanna. Our field observations confirmed our hypothesis that ant abundance 
follows increased abundance of treehoppers on B. intermedia inflorescences. Since ants were 
rarely seen visiting inflorescences when no treehoppers were present, the latter act as a bridge 
for the interactions between ants and floral visitors. Additionally, our study points out the 
importance of the inclusion of other interactions occurring near flowers for a proper 
understanding of the negative effects of ants on plant reproduction. Detection of ants, or even 
ant-trophobiont associations by floral visitors, may likely represent an important evolutionary 
step in the establishment of particular pollination systems or mechanisms. 
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CONSIDERAÇÕES FINAIS 
Os resultados apresentados neste trabalho contribuem a uma melhor compreensão 
dos efeitos da presença de associações formiga-membracídeo próximo a inflorescências de 
uma espécie de planta comumente encontrada no cerrado.  
Levando em conta os resultados de nossos experimentos, pode-se concluir que: 
1. A presença de membracídeos trofobiontes aumenta a abundância local e, de modo geral, a 
atividade de formigas em inflorescências de Byrsonima intermedia; 
2. A presença e atividade de formigas nas proximidades de flores de B. intermedia diminui a 
frequência e duração da visita de insetos voadores que visitam as flores, incluindo 
abelhas polinizadoras, podendo se inferir também que abelhas visitantes podem escolher 
horários de visitação quando a abundância de formigas seja menor; 
3. A presença da associação formiga-membracídeo diminui a quantidade de frutos 
formados, resultado decorrente da presença de formigas nas inflorescências e 
consequente redução da polinização das flores de B. intermedia. 
Embora uma combinação de muitos fatores possa reduzir a quantidade e 
qualidade de frutos formados em uma planta, os nossos resultados corroboram que há um 
efeito negativo da presença de associações formiga-membracídeo próximo a inflorescências 
de B. intermedia. 
De modo geral, evidenciamos a importância da inclusão de interações 
interespecíficas que ocorrem nas proximidades de flores para melhor entender os fatores que 
afetam serviços de polinização. A inclusão destas interações e seus efeitos indiretos 
contribuem a um melhor entendimento de sistemas multitróficos e como eles variam no 
tempo e no espaço. Em particular, nos estudos focados em efeitos de interações 
interespecíficas sobre processos de polinização, a identidade e abundância das espécies 
envolvidas nestas interações são fatores importantes a se considerar. 
Estudos futuros deverão focar nas consequências que associações formiga-
trofobionte podem ter no fluxo gênico de Byrsonima intermedia, bem como nos potenciais 
efeitos (diretos ou indiretos) destas associações na população desta planta ao longo prazo. 
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APÊNDICES 
Apêndice I. Efeito direto das formigas na formação de frutos de B. intermedia 
Foi observado que formigas visitantes de flores de Byrsonima intermedia não 
possuem um papel como polinizadoras. Foram selecionadas 10 plantas que tivessem 
características fenológicas similares: altura similar (~ 0.7 m) e o mesmo número de 
inflorescências (~12 – 15 inflorescências). Foi verificada a ausência de insetos trofobiontes nas 
plantas utilizadas como unidade experimental. Utilizando uma modificação do método proposto 
por Gómez (2000), foram cinco tratamentos: (1) “todos os visitantes” que não terá 
procedimento de exclusão; (2) “só-voadores”, que exclui as formigas aplicando resina 
Tanglefoot® nos pedúnculos das inflorescências; (3) “só-formigas”, que consiste em cobrir as 
flores com uma malha de 0.2 mm que excluirá todos outros insetos (voadores ou não), exceto 
as formigas; e, (4) “sem-polinizadores”, que combina os métodos descritos para os tratamentos 
anteriores. É importante destacar que nos tratamentos 1 e 3 foi aplicada uma pequena 
quantidade de resina Tanglefoot® sem, entretanto, impedir o acesso de formigas para controlar 
possíveis efeitos colaterais da resina. Antes de aplicar os tratamentos, os botões foram contados 
e, após 2 meses, foram contados os frutos formados em cada tratamento.  
A quantidade de frutos formados foi analisada utilizando GLMM usando a 
presença/ausência de formigas e voadores como fator fixo (assumindo uma distribuição de erro 
binomial e controlando pelo parâmetro de dispersão), bem como considerando cada planta 
como uma variável aleatória (bloco). Para este modelo, utilizamos a função link logit, e o 
método de aproximação de Laplace e a máxima verossimilhança como estimadores de 
parâmetros. Estas analises foram rodadas usando o pacote ‘lme4’ (Bates et al. 2015) para o 
programa R versão 3.0.2 (R Core Team 2013). 
O modelo demonstra que não há uma diferença na proporção de frutos formados 
quando há exclusão total de polinizadores e quando só há formigas presentes (sem-
polinizadores × só-formigas) (Fig. A1; χ2 = 0.141, gl = 4, P = 0.88), mas sim quando os voadores 
estão presentes (sem-polinizadores × só-voadores) (Fig. A1; χ2 = 3.55, gl = 4, P < 0.001). Dessa 
forma, conforme o esperado, as formigas não têm um efeito direto na formação de frutos de B. 
intermedia. Chacoff & Aschero (2014) relatam que as formigas, embora abundantes no 
ambiente e frequentemente observadas visitando flores, não são polinizadoras eficientes. 
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Figura A1. Proporção (número de frutos formados por número de flores) de frutos de B. intermedia 
formados em cada tratamento de exclusão de polinizadores (n=10). Tratamentos: Controle: Voadores e 
formigas; Só voadores: só visitantes voadores; Só formigas: só formigas visitantes; Sem polinizador: 
Sem voadores nem formigas. As linhas em negrito representam as medianas, e as linhas tracejadas se 
estendem até o dado mais extremo (não mais de 1,5 vezes a amplitude interquartil). Letras iguais 
significa que não há diferenças significativas (P > 0.05) e letras diferentes significa que há diferença 
significativa (P < 0.05). 
 
Embora as formigas não possuam um papel na formação de frutos, é importante 
quantificar o efeito que as formigas têm sobre florívoros e/ou frugívoros. Neste estudo, não foi 
quantificado este efeito, porém, as observações de campo sugerem que quando não há formigas 
presentes, há um maior número de frutos danificados. Estas observações são compatíveis com 
o reportado por Oliveira (1997) em cerrado: a presença de formigas aumenta a quantidade de 
flores e de frutos de Caryocar brasiliense (Caryocaraceae), reduzindo o ataque por herbívoros 
na planta. Torna-se necessário um estudo adicional para se testar o efeito das formigas sobre o 
ataque por herbívoros nas inflorescências e frutos de B. intermedia. 
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